Introduction
Although, since the classical work of SABOURAUD, a number of investigations have been conducted dealing with the culturing of the Trichophyta and other pathogenic fungi (2, 3) , very little information of a definite chemical nature is available regarding the nutritional requirements of these organisms. For this reason the writers have made an exhaustive study of these requirements in Trichophyton interdigitale. Peptone, or some such material of indefinite and unknown composition, has always played an important role in the nutrient medium used.
Lack of critical information and possible usefulness in the study of disease-producing activities prompted this investigation. The specificity of this organism and others for certain types of skin or for certain regions on the body is often striking and the writers assume that it must have some nutritional basis. Experimentation In this investigation a study has been made of the following requirements for Trichophyton interdigitale: (1) mineral salts, including the "trace" elements; (2) carbohydrates of various sorts; (3) specific amino acids and combinations thereof; and (4) specific nutrilites or vitamin-like substances. These requirements were not studied in the order indicated.
For this study, it is apparent that all indiscriminate mixtures such as peptone, yeast extract, meat extract, and others must be avoided, and only pure chemical substances used. The two exceptions to this were the use of pantothenic acid (6) and crude lactoflavin (4) . Of these the former was highly concentrated and probably biologically pure; the latter was also highly concentrated so that in order to be effective less than 1 y (0.000001 gnm.) per cubic centimeter of culture medium was used. The other nutrilites used in pure form were crystalline vitamin B1 and inositol, both of which have been shown to be effective in the nutrition of certain yeasts (8),. and pure lactoflavin which is effective in animal nutrition (1) .
In all tests on Trichophyton interdigitale the following method was. employed in culturing, handling, and recording the growth under various conditions:
All cultures were grown in thin-walled Erlenmeyer flasks of 100-ml.
acid cleaning solution. The nutrient solution of each flask was made up to 12 ml. with distilled water, and the mouth of the flask was plugged with autoclaved cotton. Each flask and its contents were then sterilized for 10 minutes in an Arnold steam sterilizer. More severe heat treatment was avoided because of decomposition (particularly of the nutrilites) which might result. Before seeding with the organism, the flasks were allowed to cool to room temperature because the spores of T. interdigitale are killed at 560 C. in 10 minutes. Temperatures lower than 560 C. decrease the vitality of this organism. The stock cultures from which the seedings were made were transferred every month and were then allowed to grow for about two weeks before being used again. The cultures, whether on agar slants or in liquid media, seemed to grow best when the pH was adjusted to 5.5. A quinhydrone electrode was used for the pH determinations and sulphuric acid and sodium hydroxide were used in making the pH adjustments. That there was always a production of base by this organism was evidenced by the fact that after 20 days of growth in SABOIJRAUD'S medium the pH rose to 8. This is a striking rise when one considers that peptone and amino acids are effective buffering agents.
The seedings were made by adding a loopful of mycelium and spores from a mature culture of Trichophyton interdigitale grown on a slant composed of SABOURAUD'S dextrose medium to 10 ml. of sterile water. This was shaken vigorously and the resulting suspension observed under the low power of a microscope in a Levy counting chamber. If the number of spores in the total ruled field (0.0009 ml.) was greater than 30 the suspension was diluted 200 times; if 30 or fewer it was diluted 100 times. To each sterilized flask was added 0.1 cc. of the diluted spore suspension corresponding to approximately 30 spores per culture. The purpose of using very dilute suspensions was to avoid the contaminating influence of stored material which is introduced when the seedings are large. The seeded flasks were placed in a closed room where there were almost no temperature changes. Better and quicker growth was observed when the cultures were not placed in a 370 C. incubator.
The method of recording the growth was a modification of that described by WILLIAMS and HoNN (6). As Although readings were made for almost a month, the early readings seemed to be the most important, especially in determining the differences in the culture media. For example, although a crude casein digest with mineral salts and sugar showed, in 15 days, a growth that was comparable with the growth on liquid SABOURAUD'S medium for the same length of time. the growth on the SABOURAUD'S medium was much greater to about the thirteenth day. In fact, the growth of the mold on the casein digest medium did not appear for at least 10 days, while that on the SABOURAUD'S iiedium showed growtth in 7 days. In the various other synthetic mixtures used growth of the mold also appeared later on these media than on SABOURAUD 'S medium. This mold was found to produce certain substances which, in other experiments, seem to stimulate its growth. There is the probability that it can also modify amino acids or even synthesize those acids which are necessary for its best nutrition. It has been observed in almost every test that if the growth period is long enough, usually over 20 days, there is a tendency for all cultures to reach about the same level of growth. There is, however, a wide variation in the growth at the time of the first readings.
AMINO ACID REQUIREMENTS In the culture media commonly used for pathogenic fungi, peptone and carbohydrates have furnished the food material. Such material is, of course, a complex mixture of highly variable composition containing various (and unknown) mineral salts, variable and undetermined assortments of amino acids and other protein cleavage products, and unknown amounts of unrecognized, as well as recognized, vitamin-like constituents. It is clear, howTever, that the function of such a mixture in the medium, with regard to the furnishing of the proper protein split material, is an important one, especially since it constitutes the only source of nitrogen.
Just as there are certain amino acids which are essential for mammalian growth and maintenance, likewise, from our knowledge of the requirements of certain yeasts and bacteria, there may be certain amino acids essential for the growth of this pathogenic fungus. Some of the lower plants are able to gain their entire source of nitrogen from nitrates, ammonium compounds, and other inorganic sources of nitrogen. The nitrogen requirements of this mold are more complex than the requirements for other lower plants.
It will not grow on a medium containing only inorganic nitrogen, but it will grow in a medium supplied with a suitable organic nitrogen.
In the study of the amino acid requirements the procedure followed was to start with what may be considered the most complex synthetic medium ever used for the study of microorganisms. This medium contained every pure chemical (including the amino acids and nutrilites) which the writers thought might be necessary or of advantage for the growth of the organism. From this medium, which permitted relatively rapid growth, amino acids were eliminated first by groups, and later singly; and the effects of each elimination were recorded.
The The amino acids used in the medium included glycine, dl-alanine, dl-serine, dl-valine, dl-leucine, dl-isoleucine, l-proline, 1-hydroxy proline, 1-tryptophane, 1-tyrosine, dl-phenylalanine, dl-methionine, I-cystine, 1-histidine, I-arginine, I-lysine, I-aspartic acid, I-asparagin, d-glutamic acid. After most of the work was completed the writers obtained from Dr. W. C. ROSE a very small quantity of his new beta-hydroxy-alpha-amino butyric acid and were able to determine its place in the nutrition of this mold.
The control of the pH of the medium is important. It was adjusted so that after the addition of the amino acids the pH was 5.5, which is the most favorable value.
The preliminary experimentation involved in eliminating many of the amino acids as effective nutrient factors, was extensive and too complex to be given in detail. The results of a few of the experiments including the amino acids which seemed to be essential to favorable nutrition will be given.
During this detailed study it was found that the amino acids, glycine, cystine, histidine, tryptophane, tyrosine, glutamic acid, methionine, alanine, hydroxy proline and serine, could be omitted individually and collectively without seeming to affect the medium in any way. Omitting isoleucine, valine, or proline individually had practically no effect, but if two or three were omitted simultaneously growth was diminished.
Leucine appeared to be the most important individual amino acid, while beta-hydroxy-alpha-amino butyric acid (ROSE) and aspartic acid seemed next in importance. The effects of arginine, lysine, and phenylalanine were readily detected. Asparagin and aspartic acid seemed to be interchangeable.
The situation is far from simple, however. Concentration of the amino acids may be an important factor. Antagonistic action and lack of balance between different amino acids seem to be evident, and undoubtedly if the cultural conditions (particularly with respect to the amount of seeding used) were different the results would be appreciably modified. It is therefore not possible to differentiate rigorously between those amino acids which are indispensable and those which are non-essential.
Although previous experiments, repeated in various ways in duplicate, showed that leucine, aspartic acid, arginine, lysine, and phenylalanine are among the most essential amino acids, the results given in table I show that a mixture of these five in equal proportions does not constitute a highly favorable mixture, probably owing to a lack of balance. The figures in the table exaggerate the differences, however, because every culture except the blanks showed growth in 10 days. This is possible only with a fairly favorable medium. If any of the media had been extremely unfavorable growth would have been delayed or prevented entirely. The striking effect brought about by the elimination of leucine should be noted. This is in accord with previous experiments.
Tests not directly connected with the study were made to see if the mold synthesizes tryptophane and tyrosine (two amino acids for which distinctive color tests are available) when growing in a medium which is free from these amino acids. The tests showed that, after hydrolysis of the mold, tyrosine (Millon's reaction) and tryptophane (Hopkins-Cole reaction) were both present, thus proving that syntheses had actually taken place.
CARBOHYDRATE NUTRITION
As a rule organisms do not require specific carbohydrates as they do amino acids. In order to determine whether or not this is the case with the organism under investigation the following experiment was performed:
Culture media (containing nutrilites and other compounds) were made up as in the amino acid experiments, except that each 12 ml. of solution contained 50 mg. of an acid digest (pH 5.5) of highly purified casein. To each flask was added 0.5 gm. of one of the sugars indicated in table II.
From the growth on the blank culture, which contained no sugar, it is clear that this mold can grow to maturity without carbohydrate if the proper amino acids, as well as minerals and growth promotingf substances, are Leucine, aspartic acid, arginine, phenylalanine. (Lysine omitted) 5 6 7 7 6 10 (6 mg. each*) .5 present. The comparative growth ratings indicate that this mold can metabolize all sugars tested except lactose. Growth of the mold on the medium containing lactose was about the same as that on the blank, hence it seems safe to infer that this mold does not produce lactase, although it does produce invertase and maltase. 
EFFECT OF NUTRILITES
Experiments using synthetic media showed that a mixture of amino acids, minerals, and a suitable carbohydrate in the culture do not satisfy the requirements of this mold. The nutrilites, which were available and suspected of being effective in stimulating the growth of this organism, were pantothenic acid, a lactoflavin preparation, inositol, and crystalline vitamin B1.
The method of preparing crude lactoflavin, which was similar to that of KUHN (1) fullers' earth was precipitated by centrifuging, stirred with distilled water, and repeatedly centrifuged and washed until the supernatant liquid no longer gave a test for chloride ion. The adsorbed material was eluted by shaking for 1 hours with a mixture of 157 ml. of water, 39 ml. of pyridine, and 39 ml. of methanol. The resulting elutate was evaporated to dryness on the steam bath, triturated with methanol, and then water was added. This mixture was heated, shaken for an hour on a mechanical shaker, and finally centrifuged. The resulting clear yellow solution was evaporated to dryness and placed in a vacuum desiccator for 11 hours. The yellow material was next shaken twice with dry ether, and then dried and weighed. The resulting product weighed 0.21 grams.
This weight of material is much greater than that obtained by KUHN, who used a longer process and a similar quantity of whey. The writers have compared the effect of this preparation on Trichophyton interdigitale with the effect on it of pure lactoflavin, which was supplied by Dr. RICHARD KUHN of the Kaiser Wilhelm Institut at Heidelberg, Germany. Each had a stimulative effect. This crude lactoflavin, however, also contains a nutrilite which has a very pronounced effect upon certain other pathogenic fungi (4) . Table III shows the comparative growths of this mold in the presence of all possible combinations of the four growth stimulants (nutrilites) taken one, two, three, and four at a time. It will be observed that no growth was observed in the blanks, numbers 31 and 32.
The amount of the growth stimulating substance to be used in each culture was decided on the basis of the effects of various concentrations of these substances upon yeasts and molds as observed in this laboratory over a period of years (8). In order to simplify the tests, the same amount of a given nutrilite per culture was used throughout all the tests as follows: pantothenic acid, 0.33 micrograms; lactoflavin preparation, 10 micrograms; vitamin B1, 2 micrograms; and inositol, 20 micrograms.
In addition to the vitamin-like substances indicated in the table, each culture contained the regular amounts of the basal constituents and the following amino acids in the amounts indicated: alanine, valine, glycine, arginine, phenylalanine, and proline, 5 mg. each; asparagin, 15 mg.; leucine, 10 mg.; isoleucine, 2.5 mg.; and lysine, 4 mg.
As stated elsewhere, the first comparative ratings given in the table III are the most significant. When the cultures indicated in this table were allowed to grow for 26 days all (except the blanks which failed to grow) had the same rating. The inference from this is: given one of the four growth promoting substances, this mold is able to synthesize or dispense with the other three nutrilites. There is, of course, the possibility that more than four nutrilites are needed for the best growth. In such a case, it seems that if this mold is given one of the needed nutrilites it has the ability to produce all the others that it needs. That this mold, like Aspergillus niger, produces pantothenic acid is shown by the fact that when it was grown on a pantothenic acid-free medium, it showed a very definite pantothenic acid content, when tested in accordance with the method developed in this laboratory.
Furthermore, there is evidence that during growth this mold produces vitamin B1 (or something which serves as an equivalent so far as yeast growth is concerned), because the mold grown on a vitamin B1-free medium contains a factor which supplements pantothenic acid and inositol in stimulating the growth of "old process" yeast (7).
The apparent ability of one of the'nutrilites to replace (in a measure at least) the others seems quite inexplicable and out of line with reasonable expectations, because chemically the different substances have practically nothing in common, and in animal nutrition one vitamin is unable to replace another.
It appears from this study that, in the case of both amino acids and nutrilites, the mold (and from the experience of the writers they expect that molds in general resemble each other in this respect) has remarkable latent synthetic capabilities. It is believed that in time, during a long growth period, mechanisms are developed for the production of any one of a number of specific cell constituents which, under other conditions, may be taken from the environment in the form of food, and which are necessary for rapid growth.
MINERAL REQUIREMENTS
The writers have attempted to determine which minerals are important for this mold, laying particular stress upon the question of " trace elements. " Emphasis must be placed upon the uncertainty which exists with regard to all experiments where minute traces of minerals exert a great effect upon the growth of an organism. The writers can demonstrate that certain ions have an effect upon the mold but they cannot be sure that the effect produced is entirely due to the substance which they intended to add. Even the purest chemicals, which they have used at all times, invariably contain impurities in almost undetectable quantities. These considerations, however, do not prevent the giving of a fairly accurate statement about the mineral requirements of this mold. The effect of impurities has been minimized by using such small amounts of the ions in question that any impurities present have been reduced to an infinitesimal concentration.
The medium, which has been used throughout this study, containing (NH4) 2S04, KH2PO4, CaCl2, MgSO4, FeCl3, KI, ThCl3, ZnCl,, MnCl2, H3B03 and CuSO4, was taken as the basis of the mineral requirements because it supports an excellent growth of Trichophyton inrterdigitale when supplemented with suitable organic compounds. Owing to the fact that the writers are concerned with growth and not rate of growth, the comparative ratings are not used. In recording growth and no growth, + and -signs respectively are used. The "trace elements" have been divided into two groups: group I containing KI and FeCl3; and group II containing ThCl3, CuSO4, MnCl2, ZnSO4, and H3B03. Table IV shows the effect of omitting the various components of the medium singly and in various combinations. * In the absence of calcium the mold showed very scant growth in 18 days but it then turned brown and died within two days.
All ions tested except thallium, iodide, chloride, and borate seem to be essential. Excellent growth was obtained in the absence of these ions, but the omission of any other ion resulted in no growth. While phosphate is necessary from a nutritional standpoint, it is also of value as a buffer. Since a base is produced by the growth of the organism, its growth rate is suppressed. The presence of an efficient buffer in the medium enables the growth to continue for a longer period of time than in an unbuffered medlitlnl. Summary 1. The amino acid, carbohydrate, nutrilite, and mineral requirements of Trichophyton interdigitale have been studied.
2. This mold cannot grow on a synthetic medium unless it is supplied with certain amino acids. No single amino acid seems to be absolutely indispensable, although leucine seems almost so. Aspartic acid (or asparagin) and alpha-amino-beta-hydroxy-n-butyric acid (ROSE) are very helpful, while proline, valine, lysine, phenylalanine and arginine are less necessary. A varied assortment of amino acids is superior to any group of three or four. However, glycine, cystine, histidine, tryptophane, tyrosine, glutamic acid, methionine, alanine, hydroxy proline and serine seem to have no specific
